The composition of the volatile fraction of Malva sylvestris var. mauritiana (L.) Boiss. (Malvaceae) was investigated. This plant species was cultivated in the southeastern Alps as an ingredient for herbal teas and infusions. Flowers and leaves were collected at the end of the summer season and separately steamdistilled to obtain two volatile oils, the yields of which were 0.019% for leaves and 0.012% for flowers. After GC-FID and GC-MS analyses, the two oils revealed differences in the nature and especially in the proportion of their components, which were aldehydes, alcohols, phenolics, esters, hydrocarbons and acids. Eugenol was the single most abundant compound in the leaves, totalling 46.7% of the total oil, followed by phytol with 34.4%. Flowers showed a predominance of hydrocarbons, among which the anteiso branched-chain saturated hydrocarbon, 3-methyl tricosane, was the most abundant compound, accounting for 14.9% of the total volatiles. Eugenol ranked second with 10.3%, followed by the two linear-chain saturated hydrocarbons pentacosane and tricosane forming 8.2 and 7.7% of the total oil, respectively. The occurrence and the relative abundance of compounds from various chemical classes such as phenolics, hydrocarbons and aromatic aldehydes and alcohols are discussed, together with some of their ecological implications. The obtained volatile oils were than tested against two major honeybee (Apis mellifera) pathogens, namely Paenibacillus larvae and Melissococcus plutonius, the causative agents of the American and the European foulbrood, respectively.
Malva sylvestris L., including its variety M. sylvestris var. mauritiana (L.) Boiss. (Malvaceae), is generally known as common mallow, or high mallow. It is originally a Euro-Siberian species that later diffused into North America. Therefore, it is currently distributed across the Northern hemisphere, where it grows at altitudes between 0 and 1600 m above sea level. It is often defined as a ruderal plant, preferentially colonising disturbed land such that subjected to cattle trampling, or to the accumulation of debris [1] .
M. sylvestris has been widely employed in ethnomedicine for its therapeutic properties in all areas of the world where it is distributed, stretching from East Asia to Western Europe and North America [2] [3] [4] [5] . Both leaves and flowers were used in herbal infusions as a remedy for common cold and cough and this use was also reported from the area of the Italian Alps where the present study was conducted [6] . In addition to their demulcent and antitussive activity, the flowers of M. sylvestris have also been employed in response to respiratory, gastrointestinal and urinary complaints [5] , possibly due to their high content of mucilages [7] . Recent studies also reported other biological effects of this species as a radical scavenger [8] , a B-lymphocyte activator [9] , and a wound-healing agent [4] .
The chemical constituents of M. sylvestris water extracts were previously characterized; a number of phenolic acids as well as several terpenoids were reported [10] . Flowers were also separately investigated for their content of flavonoids [11] , carotenoids [12] and aroma active compounds [13] . M. sylvestris var. mauritiana was only studied for its high content of polysaccharides [14] .
In this investigation, leaf and flower samples of M. sylvestris var. mauritiana cultivated in Italy were evaluated for their volatile oil content and composition. The obtained oils were than tested for their biological activity against two Gram-positive bacteria responsible for the most serious and widespread infectious diseases affecting the common honeybee (Apis mellifera) at the larval stage, namely Paenibacillus larvae and Melissococcus plutonius, the causative agents of the American and the European foulbrood, respectively.
The fresh plant material was steam-distilled, affording a pale yellow oil with a very low yield (see Experimental). After GC-MS analyses, a total of 91.5% of constituents was identified in the flower oil, while a slightly higher percentage, 93.0%, could be identified in the leaf oil. All these compounds are listed in Table 1 .
Eugenol was found to be the most abundant compound in the leaves, at 46.7% of the whole oil, corresponding to 82.4 g/g. The second most abundant compound was phytol, at 34.4%, (60.6 g/g). All the other compounds were present in fairly smaller amounts: only one phenylpropanoid, p-vinylguaiacol (1.7%, 2.9 g/g) and two benzenoids, i.e. benzyl alcohol, (1.2%, 2.1 g/g) and phenylacetaldehyde (2.8%, 5.0 g/g), represented more than 1.0% of the total volatiles. The class of saturated n-alkanes (C-12 to C-29), accounted for 4.1% of the total oil, corresponding to 7.1 g/g, while unsaturated C-18 acids (linoleic and linolenic) and their methyl esters just reached 0.6% (1.0g/g) of the total volatiles. [27] , unless stated otherwise. c) Retention index determined on an Elite-5 column using a homologous series of n-hydrocarbons. d) W=whole essential oil, N=non-polar fraction (n-pentane), P=polar fraction (Et 2 O), A=acidic fraction (Et 2 O-1%AcOH). e) see [31] . f) see [16] . g) see [32] . h) see [13] . i) see [33] . j) see [34] . k) see [35] . l) see [36] . tr, traces (<0.1%); values > 0.1% quoted to nearest 0.1%.
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Flowers showed a quite different distribution pattern. The most abundant compound was a branched alkane, 3-methyltricosane, representing 14.9% of the total volatile fraction (15.7 g/g), followed by eugenol (10.9g/g). Other abundant compounds were found to be some long-chain odd numbered n-alkanes, namely pentacosane (8.2%, 8.7 g/g), tricosane (7.7%, 8.2g/g), and heptacosane (5.1%, 5.4g/g), together with phytol (5.7%, 6.0g/g) and with some benzenoid aldehydes, rather typical constituents of flower scents [15] , such as 2-methylbenzaldehyde (5.5%, 5.9g/g), phenylacetaldehyde (4.4%, 4.7g/g) and benzaldehyde (3.4%, 3.6g/g). The rather uncommon decyne [16] was also detected at 4.5%, corresponding to 4.7 g/g. Other iso-and anteiso-methyl alkanes were also detected, almost exclusively in flowers, that represent 4.7% of the total oil, corresponding to 4.9 g/g.
Hydrocarbons, benzenoid and phenylpropanoid derivatives have been previously detected in the volatile fraction of mallow flowers [13] , except for eugenol. The presence of a high amount of eugenol, here reported for the first time in M. sylvestris var. mauritiana oil, is consistent with the therapeutic properties of this plant since this compound is a very well-known antimicrobial agent [17] . Phytol is a ubiquitous compound especially abundant in leaves, being a constituent of chlorophyll; its presence in fairly high percentages in leaves (34.4%, as observed) is rather uncommon, however. This compound has been reported to possess antimicrobial activity [18] . Another uncommon feature is the absence of mono-and sesquiterpenes, which would originate from isoprene, the same precursor as for phytol, and were isolated from other M. sylvestris samples [10, 13] . The group of short-chained alcohols and aldehydes, such as cis-3-hexenol, 2-methyl-2-pentenal and nonanal, is also present in the volatile fraction, with cis-3-hexenol mainly detected in flowers.
On the other hand, the presence of saturated n-alkanes, mainly longchained and odd-numbered, is a rather frequent feature in the cuticular waxes of leaves, with the function to prevent green tissues from desiccation and UV-related stress [19] . Alkanes, however, are more abundant in flowers, where they appear to be both linear and branched. The presence of this group of compounds in flowers points to a different ecological function as these compounds usually play a major role as a pollinator attractants in various plant species [20] . In this particular case the occurrence of iso and anteiso branched-chain compounds such as 2-methylalkanes and 3methylalkanes, in addition to the ubiquitous linear-chained hydrocarbons, is quite relevant. Both these groups of compounds are also known components of insect cuticular waxes and iso and anteiso methylalkanes are more species-specific in insects, especially Hymenoptera. Their function in mallow flowers might be to mimic the blend of female insect mating signals, thus acting as pollinator attractants by deception [21] [22] .
The volatile fractions from mallow were tested in vitro for their biological activity against P. larvae and M. plutonius, performing the bioassay by using the agar diffusion method. Bacillus subtilis was used as a reference bacterial species for the test of sensitivity to inhibitory compounds [23] . To achieve a better comparison of the antibacterial activity of the extracts, some additional substances were tested in the assay as references, such as oxytetracyclin, the antibiotic most widely used for American foulbrood control, and the essential oils from stem bark of Cinnamomum zeylanicum, a natural extract of established efficacy in vitro against the tested pathogens [24, 25] . Moreover, standards of eugenol were also tested for efficacy. The results of antibacterial tests are presented in Table 2 .
The mallow oils from leaves and flowers showed, in general, a lower inhibition value against P. larvae compared with M. plutonius, with P. larvae 11/06 strain as the less inhibited ( Table 2) . Comparable results, in terms of inhibition areas, were also registered for the reference C. zeylanicum oil against P. larvae, while very low inhibition values were instead detected for the same oil against M. plutonius. When the pure reference compound eugenol was tested, a decrease of inhibition activity compared with the whole oils was observed for both the bacterial strains, with Volatiles from Malva sylvestris Natural Product Communications Vol. 11 (10) 2016 1529 minimum inhibition values for M. plutonius. As indicated in Table  2 , the whole oil proved to be more active than the single constituent eugenol, and these data indicated that a probable synergistic effect of all the constituents of the phytocomplex contributes to enhance the biological activity. This effect clearly shows the advantages in the use of the whole oil compared with the pure compound, in terms of containment and control of this pest disease. Although the activity of the whole oil is lower than that of oxytetracyclin, there are some cases in which the antibiotic cannot be used, as for the comb products in biological productions. The use of essential oil can then be accepted as a viable alternative to help minimize the effects of the infectious disease. Based on the suitability of production of essential oil with low yield, this investigation may help to provide new information on the use of essential oils in the treatment against the aforementioned honeybee pathogens.
Experimental
Plant material: M. sylvestris var. mauritiana (L.) Boiss. seeds were purchased from Pharmasaat (Artern, Thuringen, Germany). Plants were cultivated in the vicinity of Cercivento (600 m. above sea level; 46°31'40" N; 12°59'34" E; Friuli-Venezia Giulia region; Italy), and harvested at full bloom in mid September 2013. Plants were cut at about 5 cm above ground to avoid soil impurities; leaves and flowers were removed from stems, weighed and placed into separate sealed bottles filled with CH 2 Cl 2 as a preservative. Samples were stored at 4°C until analysis. Voucher specimens were deposited at the CREA-FLC repository in Lodi (CFLC/2013/ITMSC/3).
Isolation and fractionation of the oils:
About 20 g of fresh leaves and flowers were added to 0.58 mg of 3-methyl cyclohexanone (Sigma-Aldrich) as an internal standard and steam-distilled with odor free water for 1 h. Distillates were saturated with NaCl, extracted with freshly distilled Et 2 O (3 × 100 mL), dried over anhydrous Na 2 SO 4 and concentrated with a rotary evaporator at 30°C to give a pale-yellow oil with a yield of 0.019% for leaves and 0.012% for flowers (weight/fresh weight basis). A portion of each oil was placed onto a glass column (7 × 30 mm) of silica gel 60, 230-400 mesh (Merck, Darmstadt, Germany), preconditioned with n-pentane. The non-polar fraction (N) was eluted with 5 mL of pentane. A further elution with Et 2 O (5 mL) afforded polar fraction (P). Finally, an elution with Et 2 O-1%AcOH (5 mL) afforded the acidic fraction (A). Solvents were removed under vacuum and the fractions were analysed by GC-FID and GC-MS. The acidic fractions were treated with CH 2 N 2 prior to GC analysis.
GC and GC-MS analysis:
GC-FID analysis was carried out using a Perkin Elmer model 8500 GC equipped with a 30 m × 0.32 mm i.d. Elite-5MS capillary column (0.32 μm film thickness). Samples (0.5 μL) were injected in the "split" mode (1:30) under chromatographic conditions as reported in [23] . GC-MS analyses were carried out using a Perkin Elmer Clarus 500 GC equipped with a Clarus 500 mass spectrometer using the same capillary column and chromatographic conditions as for GC-FID analysis. The mass spectra acquiring conditions were as reported in [23] .
Identification and quantification of the oil components:
The identification of the volatile oil components was performed by their retention indices (marked as AI in Table 1 ) and their mass spectra, by comparison with a NIST database mass spectral library [26] , as well as with literature data [27, 28] . Authentic reference compounds from Sigma-Aldrich were also used. Retention indices were calculated using an n-alkane series (C 6 -C 32 , Sigma-Aldrich) under the same GC conditions as for the samples. The relative amounts of individual components of the oil were expressed as percent peak area relative to total peak area from the GC-FID analyses of the whole extracts. The quantitative data were obtained from GC-FID analyses by an internal standard method using 3methylcyclohexanone as the internal reference compound and assuming an equal response factor for all the detected compounds.
Antibacterial bioassays: P. larvae ATCC 9545, M. plutonius ATCC 35311 and a reference bacterial species B. subtilis ATCC 31324 were used in this test. In addition, 2 bacterial strains isolated from honey combs of hives undergoing clinical symptoms of infection were also used, namely CRA-API accessions 11/06 and 11/08 for P. larvae, and CRA-API accessions 09/02 and 09/10 for M. plutonius. Isolation and identification of the strains were accomplished by standard techniques [29] . A stock solution with EtOH to a final concentration of 2 mg/mL was prepared for mallow volatiles from leaves and flowers, essential oil from bark of C. zeylanicum (provided by Erboristeria Magentina, Italy), oxytetracyclin hydrochloride (Sigma) and eugenol (Sigma Chemicals). P. larvae and B. subtilis were cultivated in MYPGP [30] , at 36 ± 1°C, under aerobic conditions [29] . M. plutonius strains were cultivated in the basal medium as described [48] and incubated anaerobically in an atmosphere of ca. 5-10% CO 2 , at 36 ± 1°C [29] . Vegetative cells of each bacterial strain were grown in liquid-specific medium for 24-48 h. After incubation, the bacterial concentration was adjusted to 1.0 absorbance unit on the Mc Farland scale. One mL of each microbial suspension was then mixed with 20 mL of melted agar medium maintained at 46°C and immediately poured into a Petri plate. Three plates were inoculated for each strain. After solidification a 6 mm diameter wells were practiced on the surface and filled with 60 L of the test solutions. Plates were examined after 24-36 h of incubation at 36 ± 1°C. The antimicrobial activity was determined by measuring the diameter of the inhibition area around each well.
